Panettone is a popular Italian Christmas fruit cake in northern Italy. It has a distinctive flavor and prolonged shelf life of approximately six months. Panettone is prepared by the traditional sourdough process.
The fermentation process of panettone begins with a mother sponge that is sustained with repeated inoculation for approximately 24 h. The primary source of the panettone mother sponge has not yet been elucidated, and some mother sponges are preserved across generations for more than 60 years (FOSCHINO, et al., 2004) . The mother sponge is tightly packed with canvas to retain CO2 and lower the redox potential (OTTOGALLI et al., 1996) . Its fermentation conditions are strictly observed and reproduced according to traditional protocols. The panettone fermentation system is divided into different stages in which the growth of the typical microflora occurs consecutively from one dough to the next.
There have been some attempts to transport the mother sponge to other areas and prepare traditional sourdough baked products elsewhere.
However, it was difficult to achieve the same results. It is believed that the local climate or unique properties of the region are essential factors in the preparation of these baked products.
In Japan, there is a factory that manufactures panettone by using the traditional method. The mother sponge was imported from Italy and constantly renewed in a cyclical manner according to the same recipe as that used in a panettone factory in Italy.
The aim of this investigation was to identify key microorganisms involved in the panettone sourdough production system in Japan and confirm whether the predominant microorganisms in panettone mother sponges are conserved in that system. Materials and Methods
Panettone samples
Five samples of ripened panettone sourdough-one at each stage-were obtained from a factory in Japan: mother sponge (M), 1st refreshment (P1), 2nd refreshment (P2), "white" dough (P3), and "yellow" dough (PF) . The panettone fermentation process is illustrated in Fig. 1 1,000ml H2O, pH 5.5). Assimilation of carbon sources was studied using a yeast nitrogen base. Assimilation of nitrogen sources was studied using a yeast carbon base.
Characterization of LAB
Following incubation for 24h on GMYP broth, gram staining was performed and the morphology of the cells was observed. All tests were carried out using methods as previously reported (KOZAKI, et al., 1992) . The isomers of lactic acid produced were analyzed by HPLC (MANOME, et al., 1998) . according to the method previously reported by using probiotin and microplates (EZAKI, et al., 1989) .
Grouping for yeast and LAB

Preparation of cell extracts for electrophoresis
Isolates were cultivated for 24h in MYP broth.
Cells were harvested by centrifugation, washed twice in 50mM Tris-HCl buffer, resuspended in the same buffer (50mg wet wt bacteria/ml), and then subjected to ultrasonic treatment in 10kHz for 20 min. The material was centrifuged at 15,000rpm
for 30min. The supernatant portions were used for gel electrophoresis and an enzyme assay.
Conditions for acrylamide gel electrophoresis
Acrylamide gel (7.5%) was prepared according to the method of KOZAKI, et al. (1992 (Table 2) . Almost all strains belonged to group A and only 3 strains isolated from P3 and PF belonged to group B.
P3-3, PF-1, PF-2) from group A and 1 strain P3-1) from group B were selected as representative strains, and physiological tests were conducted on these strains (Table 3, 4) . Isolates from group A had 100ppm cycloheximide resistance, and they were unable to ferment maltose. The GC contents of the isolates differed from that of S. exiguus or C. holmii by approximately 10%. DNA-DNA hybridization data of the tested isolates showed high homology of more than 70% with Candida milleri (Table 5 ). Isolates from group B were identified S. cerevisiae. by physiological tests.
Two types of colonies were observed on the GMYP agar (Fig 2) : a lens-form colony with a diameter of 0.51.0mm and a confeito-form colony (Table 6 ).
Seven strains (1M-1, 1M-2, 1M-25, GM-1, G 3, G4, G20) from group I, 1 strain (2M-43) from group II, and 2 strains (IP-1, IP-5) from group III were selected as representative strains, and these were used for phenotypic tests ( sanfranciscensis NRIC 1548T (Table 9) .
Active staining of L-LDH and D-LDH were conducted in the cell free extracts of L.
sanfranciscensis 1M-1, IP-1, and NRIC 1548T (Fig   3) . Active bands appeared on the cell-free extracts of the cells from strains 1M-1, IP-1, and NRIC
1548T in the reaction from L-lactic acid to pyruvic acid. However there didn't appear any bands on them from strain IP-1 in the reaction from D-lactic acid to pyruvic acid.
Discussion
Several studies have been conducted on the microorganisms of panettone sourdoughs (OTTOGALLI, et al., 1996; GALLI, et al., 1998; FOSCHINO, et al., 1999; FOSCHINO, et al., 2004) . In panettone, L.
sanfranciscensis and C. milleri, a synonym of C.
humills. are the relevant microorganisms.
In this study, two type's yeasts and three type's LAB were isolated from panettone sourdoughs.
Yeast belonged to group B and LAB belonged to group II were a few and isolated from only P3 and PF. These isolates might be contamination from ingredients.
It was confirmed that 106107cfu/g C. milleri and 107108cfu/g L. sanfranciscensis are present in the panettone sourdoughs that is maintained in a Japanese factory. C. milleri was unable to ferment maltose and there was no maltose competition with L. sanfranciscensis. It was also found that in the panettone fermentation system, microflora of the mother sponge is carried over to the final dough and these microorganisms were same as past reports. Microorganisms in panettone sourdoughs might preserve by adequate procedure even outside
Italy.
All strains of L. sanfranciscensis isolated from panettone sourdough required Tween 80 for their growth. Tween 80 (polyoxyethylene sorbitan monooleate)
is a surface-active agent, and is sanfranciscensis produces DL-lactate (SNEATH, et al., 1986 ).
There are a few reports on L. sanfranciscensis forming L-lactate. SRIRANGANATHAN, et al. (1973) studied four strains, for which KLINE and SUGIHARA (1971) suggested the name "Lactobacillus sanfrancisco." Three of those strains produced DLlactic acid, but one strain produced L-lactic acid.
Moreover HAMMES, et al. (1996) studied the carbohydrate metabolism of 70 strains of L.
sanfranciscensis. They found that some strains produced L-lactate, whereas the others produced DLlactate.
The type of stereoisomer of lactic acid produced by LAB has been employed for the classification and identification of LAB. MANOME, et al., (2002) suggested that the type of stereoisomer of lactic acid is species-specific and useful for identification of LAB. However, there were some exceptions, as shown in L. sake and L. paracasei subsp. paracasei strains. The stereoisomers of lactic acid of L. sakei strains shifted from the DL-type to the L-type due to the high production of L-lactic acid and the low production of D-lactic acid (IINO, et al., 2002 (IINO, et al., , 2003 . by sodium acetate. 
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